from the solid into the aqueous phase ( 56 Fe). Over 6 months, we observed a significant
Introduction

25
In the earth's crust, Fe is the fourth most abundant element and reactive forms are commonly 26 found in a variety of environments, such as atmospheric dust, 3,4 marine and fresh water 27 bodies, 5,6 and minerals and colloids in soil and subsurface environments. 1:4) as was the particle size fraction used in the experiments (SWa-1: < 2 µm; NAu-1: particles the timescale is 1 day to 7 months (10%) and 3 days to 2 years (20%) ( Figure S5 , 361 Table S2 ). The wide range of estimated time spans makes it difficult to assess the viability of
362
Fe atom diffusion as a possible mechanism. However, Fe diffusion coefficients in nontronite 363 are likely to be much smaller than those of protons because of larger size, mass, and charge.
364
While in the absence of measured values a diffusion mechanism cannot be eliminated, it is a 365 highly unlikely explanation for the observed atom exchange behavior in our system.
366
Results from a recent molecular modeling study provide some support for conduction 367 as a viable mechanism. Specifically, the Fe(II)-to-Fe(III) electron hopping frequency within 368 the octahedral sheet of nontronites was found to be significant at room temperature (10 NAu-1, pH 6.0 NAu-1, pH 7.5 NAu-2, pH 6.0 NAu-2, pH 7.5 SWa-1, pH 6.9
Figure 2: Extent of Fe isotope exchange between aqueous Fe(II) and structural Fe in clay minerals NAu-1 (black squares) and NAu-2 (red circles) at pH 6.0 (dashed line) and pH 7.5 (solid line), and in clay mineral SWa-1 at pH 6.9 (blue triangles), calculated from aqueous phase 57 Fe according to equation 2. Fe atom exchange was calculated from isotope fractions measured with a quadrupole inductively coupled mass spectrometer (Q-ICP-MS, open markers) and with a multi-collector ICP-MS (MC-ICP-MS, filled markers). Experiments were carried out with aqueous Fe(II) highly enriched in 57 Fe (NAu-1, NAu-2) and with low 57 Fe-enriched aqueous Fe(II) (SWa-1). 
